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Experimental  Stora^r  of  "Florida  Oranpes  at  New  York  City,  19  ho 


This  re-oort  summarires  results  obtained  from  storag-e  tests  with  Florida 
oranges  that  were  made  at  New  York  City  dxirin,?  the  STin^  and  summer  months  of 
10!iOo    These  tests  were  r»art  of  a  broader  invpsti,?ation  on  citrus  storar^-  con- 
ducted under  -provisions  of  the  Rps^arch  and  Marketing  Act  of  l°k6. 

Two  B°mrat9  tests  were  made.    The  first  was  concernpd  with  determin- 
ing thp  pf rect iveness  of  di-nhenyl  in  reducing  losses  from  decav.    This  was  3«=t 

in  the  samp  manner  as  in  except  that  the  50    F„  temperature  used  in 

\obP  vag  pHTinatftd  in  1°^°.  Th»  object  of  the  second  tost  ^«s  to  detprmine  the 
pfrect  or  ethylenp  and  color-added  trpatmer.ts  on  storage  behavior.  The  complete 
history  of  the  fruit  for  both  tests  follows: 


Vari  pty : 
Pootstock: 
Crowor : 

Loc^inn  of  prove 

and  racking  house : 
Picked ; 

Packed: 
Tr^at^pnts  2 


Valencia 
Roufh  lemon 
Chase  and  Conmany 

Isleworth,  V.'indermerp ,  Florida. 

A^ril  ?1  (t^st  ?)  and  April  26  (test  l)  , 

Arrll  21  and  2°  (test  2)  and  April  2o  and  27  (test  l) 
All  fruit  of  "both  tests  was  washed  with  Pavndal 
Products  Inc.  No.  P. P.  UQ  soar,  and  waxed  with 
Food  Machinery  No.  71  flavorseal  wax. 


Only  in  certain  "boxes  noted  below  were  borax, 
ethylene  or  color-added  treatments  used.  Where 
used  they  werp:   for  ethylene  -  2k  hours  at  p° 
(April  21  to  2?,  test   2):   for  color  added  -  Food 
Machinery  No.  lUTC  color  at  122    to  12  k  °  F.  ■ 
for  borax  -  13  seconds  dir  in  5  percent  solution 
if  h^urs  prior  to  packing-. 


Car: 


Fan  car  WFEX-6S52I  (fans  sealed  in  "on M  position  to 
destinatl  ->n)  . 


Icing-: 


PreicM  at  Sanfor^ 
at  Isleworth. 


ice  onp  foot  from  tor  of  bunkers 


Personnpl  pn*a/?ed  in  the  work  at  New  York  -  "B.  A.  Friedman,  H.  V.  Kruschka, 
J.  Kaufman,  W.  A.  Hadsrinner  and  James  S.  Y/iant. 

Paul  L.  Harbin"  assumed  full  responsibi  lity  ror  selecting  th»  fruit  and  pre- 
paring- the  test  r>arVag-r>e  for  shipment  to  New  York. 

S-norial  a den  owl pdgment  should  be  made  to  Mr.  Paul  B.  Christenspn  and  Mr.  W. 
Kinney  of  the  Merchants  Refrlfferatinp  Company  for  their  cooperation  in  con- 
ducting the  tests,, 
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Temmerature  in  oar  when  opened 
Time  of  loading? 

Shipped : 
Refrigeration: 

Route: 
Consi  rnae? 
TTnloaded '. 

Placed  in  storage* 


51°  ?. 

Text  boxes  -  ?:?0  to  ^!l0  p.m. 

Carloa^in?  completed  5:^C  T)»m« 

A-nril  ?8,  from  Isleworth. 

Special  ref rip-erati on  service,  item  80  9 

Section       with  reicinp  at  Potomac  Yards, 

ACT, ,  HIW-P,  PRR. 

Yadenf  Keeler  &  Younp: 

lx:00  a.m.  -  May  2. 

10:0n  a.m.  -  May  2. 


Temperature  records  obtained  with  a  Ptyan  recording  thermometer  racked 
ir.  one  box  of  the  ethylene  -  color-added  tpst  showed  a  gradual   dron  from  about 
80°  P.  at  mi^-day  of  Anril  2?  to  50°  at  time  of  loading  on  April  oP<,  Transit 
tempera tares  in  this  "box  loaded  at  bottom  quarterlenrth  centerline  -position 
ranger*  n»ar  50     during  the  transit  period,  although  near         during  the  last  2.h 
h->urs„    A  pyan  thermometer  placed  in  a  box  of  the  di-ohenyl  t«st  and  loaded  at 
top  amrt^r'!  »n?tv  centerline  position  recorded  a  fairly  gradual  drop  from  ci 
on  April  26  to  5^    at  time  of  loading  on  April  28.    Transit  temperatures  ranged 
between  5"    anJ  5°    and  averaged  about  $6  , 

There  was  little  increase  in  temperature  of  the  fruit  between  the  time 
it  was  unloaded  and  the  time  it  was  placed  in  storare.    The  storage  rooms  were 
*hoso  used  during  the  lc^8  tests  and  were  located  in  the  17th  Street  warehouse 
of  the  Merchants  Refrigerati on  Company  at  New  York  City.    The  floor  dimensions  of 
each  ro^r.  were  arv- roxi mately  8  feet  by  18  l/2  feet  and  the  height  11  fpet. 

Continuous  t?irmprat".rp  and  relative  humidity  records  were  made  with 
?riez  hvgrothernographs,,    The  instruments  were  checked  for  accuracv  at  frequent 

c  c 

Intervals.  One  room,  hereinafter  referred  to  as  the  32  room,  was  held  at  32 
to  Ik    7.  and  at  an  average  relative  humiditv  of  about  8°  percent.    The  other 

O  O  Li 

room,  hereinafter  referred  to  as  the  *,°    room,  ranged  between  3B    and  ^0  and 
had  an  averare  relative  humidity  of  about  7*i  percent. 

Methods  of  procedure  and  of  inspection  followed  were  those  agreed  upon 
at  the  Beltsviile  conference  of  January  1'  »  loil°.     In  scoring  the  several  tyres 
of  skin  breaVdown,  a  riven  fruit  that  showed  both  aginp  and  pitting  was  scored 
under  the  defect  that  was  considered  the  mor>  serious  blemish.     TV  cay  was  al'.«ys 
considered  more  serious  than  any  tjroe  of  skin  breakdown.     Decayed  fruit  were 
scored  under  stern-end  rot  if  the  symptoms  «°ra  characteristic  of  Dj-^lodia  rot  or 
Phomops is  rot,  even  though  the  decay  occurred  elsewhere  than  at  the  stem  end. 
All  fruit  showing  decay  at  the  first  inspection  (at  time  of  removal  from  storage) 
was  discarded  ;  the  amount  of  decay  recorded  at  the  second  inspection  fi.e6  after 
holding  the  fruit  seven  days  at  70°)  is  the  total  amount  found  at  both  inspect  ions. 
Pitting  and  agirv  records  of  the  second  inspection  are  not  cumulative,  but  instead 
are  based  on  non-decayed  fruit  remaining  at  that  timee     It  should  be  noted  that 
decays  other  th^n  stem-end  rots  and  Penlcllllmn  rots  are  not  Hated  by  specific 
types,  but  are  included  vitr  total  of  decay  in  eao^  Instance.     Thus s  in  the  tables 
the  tot^l  of  decay  may  be  greater  than  the  sum  of  decay  attributed  to  s  ten-end 
rot  and  ?_enlcllllum  rot.    Liners  and  wrana  that  w#»re  used  in  sore  of  the  tests  were 
removed  and  discarded  at  the  time  or  the  first  Inspection  i.e.  wl  on  the  boxes  were 
removed  from  storage,, 


Sair^lps  of  ,1nice  for  taste,  citric  acid  and  soluble  solids  determina- 
tions wpre  taken  at  the  time  of  the  second  insppction  from  a  composite  sample 
prepared  "by  Juicing  twenty-five  fruit  (150  size)  of  each  lot  tested.  Duplicate 
determinations  of  soluble  solids  vere  made  with  a  hand  ref ractometer.  The 
citric  acid  *-ead1nps  are  avpragps  of  two  determinations  on  twenty-five  milliliters 
of  Juice,    The  methods  were  identical  with  those  used  in  similar  studies  at 
Orlando,  Florida.     (Sep  H.  T.  A  S.  Office  Report  No.    219  •) 

Test  1  -  Comparison  of  Plain  'Vra^s  with  Pi  phenyl  Wraps  and  Dlphenyl  Liners. 

This  tpst  was  carried  our  with.  k2  standard  boxes  of  fruit  made  up  of 
the  following: 

A.  1^  b^xes  of  oranp*ps  that  Viad  b^en  treated  with  borax  and  individually 
wrapped  with  di-obenyl-imrregnated  wrappers* 

Bj_  1  ^  voxes  of  naked  fruit  Cunwrapped)  ,  but  with  the  fruit  in  each  half  of 
the  box  surrounded  with  a  diphenyl-inmregnated  (  "Pheno^or '')  paper  liner. 

Cj_  I  ~  boxes  of  oranges  that  were  individually  wrapped  in  plain  citrus  wraps 
( checks) . 

Two  boxes  (one  each  of  150  and  1?6  size)  of  each  treatment  were  brought 
to  the  laboratory  and  inspected  immediately.    They  showed  no  evidence  of  ag^ng  or 
pitting  and  only  one  decayed  orange  was  found  in  all  six  boxes.     The  wraps  and 
liners  \*ere  removed  and  the  boxes  placed  at  70    F.  for  one  week.     At  the  end  of 
that  time  there  was  a  total  of  1.1  percent  decay  in  the  diphenyl-wrap  lot;  l.fc 
percent  in  the  diphenyl-lin^r  lot:  and  6.9  pprcpnt  in  the  check  lot.    No  aping  or 
pitting  was  noted. 

Six  of  the  remaining  1?  boxps  of  pnch  treatment  were  ^laced  in  the  12°  F. 
storage  room  and  the  other  six  in  the  18    F.  room.    Two  boxes  of  each  treatment 
were  removed  from  each  room  for  inspection  at  the  end  of  B»  12  and  16  weeks  storage 
respectively.    The  results  are  summarized  in  tables  1,  2  and  3« 

Aside  from  the  development  of  decay  there  was  little  effect  of  storage 
on  the  general  ap-near^nce  or  condition  of  the  oranges.     The  fr'iit  remained  fairly 
firm  and  retained  a  g 00 \  fre9h  an^eflrarce  throughout  the  entire  sixteen-week 

c 

storare  period.     Sven  after  holding  for  one  week  at  70    F.   following  each  of  the 
tvrep  withdrawals  from  storage  the  sound  oranges  were  considered  fully  salable,, 
T^  pre  were  no  significant  differences  in  general  appearance  of  the  fruit  that 
could  be  attributed  to  tve  treatments,,     At  most  inspections  it  was  observed  that 

fa  O 

th^se  stored  at  3fl    were  slightly  less  firm  than  those  stored  at  3°  •     It  will  be 
noted  from  tab!  eg  \r  2  and  ^ ,  that  loss  in  weight  during  storage  '/as  slightly 
grpater  at  thp  higher  tpnr-eraturp.     In  this  connection  it  should  be  recalled  that 
a  lowpr  relative  humidity  prevailed  }n  the  Ifi    room  than  in  thp  32  room. 

It  will  be  seen  from  tables  1,  2  and  3  that  Pitting  and  aging  were  of 
only  limited  importance  throughout  the  te9t0 


The  most  striking  effect  of  storage  was  on  the  develorment  of  decay. 
At  the  n.C  temperature  very  little  decay  developed  during  actual  storage,  as 
evidence?5  by  th»  data  taken  at  the  first  (or  "at  removal")   inspection.    However • 
after  holdinp  the  fruit  at  70     ror  one  week  following'  its  removal  from  3° 
storage,  decay  Increased  considerably .    This  Increase  was  ororressively  nrcater 
with  increase  In  the  length  of  the  storage  period,    least  decay  occurred  in 
those  lots  with  diohenyl  liners  (N)  and  most  in  the  check  lots  (?) .     It  should 
be  noted  that  at  the  time  of  removal  after  l6  weeks  storare  there  vas  a  marked 
odor  of  dlrhenyl  in  the  treated  liners  and  a  faint  odor  of  dinhenyl  in  the 
treated  wra^s. 

c 

Decay  in  the  ^8    lots  was  renerally  higher  than  in  comparable  lots 
stored  at  12  .    There  was  somewhat  more  decay  at  time  of  removal  after  12  weeks 
than  after  Q  weeks,  and  more  after  l6  weeks  than  aft^r  12  weeks  storage.  Decay 
increased  preatly  during  the  one  week  the  fruit  was  held  at  70    F.  ,  -particularly 
after  12  w«evs  and  16  weeks  of  storage.     In  contrast  with  the  results  at  32 
ther<»  vas  somewhat  more  decay  in  the  dirhenyl  liner  lots  than  in  the  dinhenyl- 
wran  lots,, 

Str>m-end  rot  «s  by  'ar  the  most  lnmortant  type  of  decay,  with 
Fen! rill lnm  rots  of  secondary  importance.    The  chief  tyne  of  decay  included  in 
total  of  *ecay,  but  not  specifically  named  in  tables  1,  2  and  2,  was  Altemarla 
rot  which  developed  in  the  vicinity  of  the  buttons.     It  was  particularly  preva- 
lent In  those  lots  stored  for  16  weeks  at  32  F. 

The  relation  of  treatment  and  storage  terrroeratures  to  decay  is  shown 
P-ra^hically  in  figaire  le     The  data  plotted  are  based  on  total  of  decay  and  are 
shown  *or  the  inspections  made  at  time  of  withdrawal  and  for  those  made  after  one 
weeV  at  'n"  p, 


A  summary  of  the  ^ata  on  volume  of  Juice  ner  fruit,  total  solids,  total 
aci  -i  and  -oalatabil  ity  of  the  juice,  is  presented  in  table  3-A.     It  will  be  noted 
that  the  Juice  was  acceptable  in  all  instances  and  for  the  most  -part  '.vas  rated  as 
ralr  in  tastee     There  was  little  difference  between  the  two  temperatures  with 
respect  to  any  Juice  character.    At  both  temperatures  there  was  a  tendenc-'  for 
totnl  acid  to  decrease  and  solids-aci^  ratio  to  increase  during  the  storage 
■peri  od. 


Test  2  -  Hplati^n  of  Color-ad^ed  and  Ethylene  Treatments  to 
Storage  Behavl or. 


Tve  test  fruit  consisted  of  $6  standard  boxes.     The  fruit  in  each  half 
of  each  box  was  B'-.rrounded  by  a  di-rhenyl-impregnated  (  "Phenodor ")  paper  liner. 
5"he  test  packages  were  divided  into  four  lots,  representing  as  many  treatments. 


A.  1  h  boxes  -  checks,  not  treated  with  e<  ther  ethylene  or  color  added. 

B.  lti  boxes  -  received  color  added  treatment  onlyD 

C.  li  boxes  -  received  ethylene  treatment  onlye 

D„  \h  hoxes  -  fruit  treated  with  both  ethylene  and  color-added. 
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Two  boxes  (one  each  of  150  and  700  sire)  of  each  treatment  were 
"brought  to  the  laboratory  for  immediate  inspection.    At  that  tine  there  was  no 
signifi can t  amount  of  aging  or  nitting  In  any  of  the  eight  boxes.     Ho  decay  was 
found  In  the  ethylene  plus  color-added  lot:  a  trace  (O.'5  percent)   in  each  of 
ethylene  alone  and  coloradded  alone  lots;  and  lo0  "nercent  decav  in  the  two  check 
boxes.    After  one  wepk  at  70    F.  there  was  still  practically  no  pitting  or  aging 
in  any  of  the  four  lots.     Total  of  decay  at  end  of  the  one-we^k  holding1  period 
wae  3.1  nercent  for  color-added  plus  ethylene,  k.3  rercent  for  color-added  alone, 
k.o  percent  for  ethylene  alone  and  5»?  pprcent  for  checks. 

Of  the  remaining  1?.  boxes  of  each  treatment  six  werp  Placed  in  the  T1* 
storage  room  and  six  in  the  TP     room,  from  pach  of  which  two  boTPs  of  each  treat- 
ment  werp  removed  at  the  end  of  P,  12  and  16  wepks  storage  respectively,  he 
results  are  summarized  in  tables  k,  5  an(^ 

As  in  the  dinv.enyl  test,  there  was  little  effect  of  storage  noted  other 
than  thp  development  of  decay.     The  fruit  of  all  treatments  at  each  of  the  three 
storage  withdrawals  ^as  generally  fairly  firm  and  had  a  fairly  fresh  appearance. 
It  remained  much  the  same  after  holding  for  one  week  at  70    F.     Neither  aging  nor 
pitting  vas  a  f^ctor  of  much  importance  during  the  test.     The  sound  (non-decayed) 
fruit  of  all   treatments  was  considered  fully  salable  throughout  the  entire  storage 
and  af te*—  storage  holding  periods.     There  was  little  difference  (other  than  decav) 
between  that  stored  at  32    and  that  stored  at  38  ,  although  after  lo  weeks  storage 
the  r>^°  fruit  appeared  to  be  slightly  firmer  than  that  held  at  3P*.     It  will  be 
noted  that  weight  loss  during  storage  was  somewhat  greater  at  the  higher  temuera- 
tnre  but  that  at  neither  temperature  was  degree  of  weight  loss  related  to  treatment. 

Throughout  the  storage  period  the  deepest  color  was  found  on  the  color- 
adde-1  fruit,  either  with  or  without  ethylene.    There  was  little  difference  in 
color  or  the  fruit  treated  with  ethylene  alone  and  the  untreated  checks. 

In  the  boxes  store*  at  32    little  decay  was  observed  at  the  first 

inspection  (ice.  at  ti-re  of  removal  from  storage)  even  after  l6  weeks  of  storage. 

RowpVT ,  at  the  second  inspection  made  after  holding  the  test  boxes  at  70*"  for  a 

weey ,  decay  Mas  a  serious  factor  pven  after  eight  wepks  storage  and  became 

progress J vel v  worse  with  longer  storage.     Decay  '.-as  more  prevalent  in  the  boxes 

©  o 
stored  at  TP    than  in  those  at  32  .     This  was  particularly  noticeable  at  the 

first  inspections  of  the  fruit  stored  for  12  and  l6  weeks  and  at  all  second 

inspect  ions. 

As  in  the  dirhenyl  test,  stem-end  rot  was  a  more  important  factor  than 
Ppnl cillium  rots.     Alternarla  rot  was  the  chief  type  of  decay  that  was  included 
un^er  total  decay  in  tabl  ps     ,  5  and  6,  without  being  specifically  named.     It  was 
parti cularly  prevalent  at  the  second  inspection  of  the  boxes  stored  for  l6  weeks 

o 

at  3?  . 


The  relati  ^nshir  of  treatment  to  decav  development,  although  shown  in 
tables  u,  c,  and  6,  is  brought  out  more  clearly  in  fip-ure  2,     There  was  little 
difference  betveen  treatments  at  the  first  inspection  of  the  32°  F.  lots.  At 
the  second  inspection  most  decay  was  found  in  the  fruit  treated  with  ethylene. 
Up  to  1°  weeks,  the  lee  9t  decay  occurred  in  the  color-added  lot.    After  l6  weeks 
in  storapp  the  least  decay  was  in  the  untreated  check  lot.    At  the  first 
inspection  of  the  38    lots,  decay  was  consistently  somewhat  higher  in  the 
untreated  check  lots.    At  the  second  inspection  decay  was  most  prevalent  in  the 
ethylene  lot  and  for  the  most  part  least  prevalent  in  the  color-added  lot. 

A  summary  of  Juice  characters  and  palataW 1  ity  is  presented  in  table 
7.    There  appeared  to  be  little  correlation  between  juice  characters  and 
treatment  allied  to  the  fruit.    Also  the  palatability  of  juice  did  not  appear 
to  have  heon  affected  by  any  of  the  treatments. 
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?i(nir+  10     Summary  of  total  decay  in  dinhenyl  test. 

Legend : 

— 1   (D)  Dir>henyl  Wrans 

3?c  Storage   (ff)  Dir>henyl  Liner 
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